We present near-infrared observations of the protostellar outflow HH 7-11 in the molecular hydrogen 1-0 S(1) and [Fe II] 1.644-µm emission lines. Images at four epochs spread over 11 yr constrain the proper motions of the H 2 emission knots to be less than 0.045 arcsec yr −1 , corresponding to tangential speeds of under 47 km s −1 at 220-pc distance, consistent with the proper motions derived in the optical range for the atomic component. Reanalysis of previous observations shows that variability and distortion of the SVS 13 reference star led to erroneous high H 2 proper motions. The SVS 13 K-band flux is a factor of 3 higher in 1994-2000 than in 1989. Numerous H 2 subknots are identified on images taken in 1998 and 2000. No significant relative variability is found in these subknots, consistent with slow outflow evolution. Compact [Fe II] emission peaks are found at the locations of atomic emission-line features observed in the optical range. We also identify in this line an elongated feature corresponding to the proposed jet Mach disc.
Perseus (Strom et al. 1986; Aspin, Sandell & Russell 1994; Bally, Devine & Reipurth 1996) .
A distance to HH 7-11 of D = 350 pc was first adopted by Herbig & Jones (1983) . However, Cernis (1990) determined a value of 212 pc to the BD +30549
• star, which illuminates the NGC 1333 nebula, and 220 pc to the entire NGC 1333 complex. He also restricted the Perseus cloud to lie within a distance of 250-270 pc (Cernis 1993) .
HH 7-11 is a string of optical knots, located to the south-east (position angle ∼136
• ) of the probable driving protostar SVS 13. Analysis of the radial and proper motions of the atomic line emission from HH 7-10 yield knot radial speeds predominantly in the range 40-90 km s −1 (Solf & Böhm 1987; Movsessian et al. 2000 ) and tangential speeds 15-45 (D/220 pc) km s −1 (Herbig & Jones 1983; Noriega-Crespo & Garnavich 2001) , suggesting an outflow angle to the line of sight of less than 40
• . The inner knot HH 11, however, possesses a much higher radial velocity, suggesting that it is generated by a relatively recent high-speed outburst (Solf & Böhm 1987) .
The discovery of near-infrared counterparts to HH objects (Simon & Joyce 1983) added strong constraints to shock models. H 2 imaging of HH 7-11 has been presented by Hodapp & Ladd (1995) ; Carr (1993) ; Stapelfeldt et al. (1991) ; Garden, Russell & Burton (1990) ; Hartigan, Curiel & Raymond (1989) . Proper motion in the H 2 images were reported to be 200-400 km s −1 by Chrysostomou et al. (2000) , based on a 4-yr time-span, but employing two instruments of different resolution. It is quite difficult to reconcile these motions with those stated above for the optical emission, requiring two streaming fluid components .
HH 7-11 has been imaged in the near-infrared [Fe II] line at 1.644 µm by Stapelfeldt et al. (1991) with 0.756-arcsec pixel resolution and also measured spectroscopically in this line by Gredel (1996) and Everett (1997) . These observations and Hubble Space Telescope (HST) imaging of other outflows (Reipurth et al. 2000; Davis et al. 2002b ) suggest that [Fe II] emission may trace shocked jets in the near-infrared similar to the [S II] emission in the optical range.
We report here second-epoch imaging from the year 2000 in the H 2 1-0 S(1) line at 2.122 µm with the same UKIRT Fast Track Imager (UFTI) high-resolution camera on UKIRT as employed in 1998. We also report near-infrared imaging of HH 7-11 in the [Fe II] line at 1.644 µm. The proposed aims of these new observations were as follows.
(i) To resolve the apparent discrepancy between proper motions in the atomic and molecular components.
(ii) To search for variability in the H 2 emission knots on small scales, in order to constrain shock physics.
(iii) To study the structure of the shocks in order to constrain global models.
(iv) To attempt to trace an underlying atomic jet in the [Fe II] line.
O B S E RVAT I O N S A N D DATA R E D U C T I O N
Observations were carried out during the night of 2000 December 10 with the UKIRT Fast Track Imager camera installed at the 3.8-m United Kingdom Infrared Telescope, on the summit of Mauna Kea, Hawaii. The UFTI camera is supplied with a 1024 × 1024 pixel HgCdTe array and with internal optics that provide a scale of 0.091 arcsec pixel −1 , which yields a total field of view of 1.55 × 1.55 arcmin 2 . Images were obtained in the v = 1-0 S(1) transition of the H 2 line using a 1 per cent narrow-band filter centred at λ = 2.122 µm and in the 1 per cent narrow-band [Fe II] line filter centred at λ = 1.644 µm. For continuum subtraction purposes images in a K[98] broad-band filter centred at λ = 2.2 µm were also obtained during that night.
During the observations, the technique of telescope jittering around a central position was chosen in order to account for 'bad pixels' and to cover a larger area. With this method, a complete map of the outflow in each filter was obtained . To enable flux calibration, a set of faint standard stars from the UKIRT faint star catalogue (Hawarden et al. 2001) was observed with the narrow-band filters. Total integration times were 1620 s for the H 2 1-0 S(1) line, 2700 s for the [Fe II] line and 270 s for the K band.
Data reduction proceeded through standard routines using CCD-PACK and KAPPA data reduction packages developed under the Starlink Project: i.e. the images were dark-subtracted, flat-fielded, sky-subtracted and then combined together to form a mosaic picture of the complete field. Flat-fields were obtained by median-averaging of the target observations ('self-flat'), which is satisfactory under these conditions .
On 1998 October 23 the observations were made with the same UFTI camera mainly covering the same area as our latest observations . Here, we reanalyse those data with exactly the same techniques as in the 2000 epoch data. We also use previously unpublished data taken in 1994 October using the IRAC2b imager (Moorwood et al. 1992) . IRAC2b was installed on the ESO/MPI 2.2-m telescope on La Silla and equipped with a 256 × 256 NICMOS3 array with optics that yield a pixel scale of 0.507 arcsec pixel −1 . Flat-field calibrations were achieved via dome flats using difference frames of integrations with a halogen lamp on and off.
And finally we have used data taken during 1989 March using the Prime Focus Infrared Camera on the Hale 5-m telescope (Stapelfeldt et al. 1991) and kindly provided by Dr Karl R. Stapelfeldt. The image has a scale 0.765 arcsec pixel −1 . Table 1 summarizes the four-epoch data details employed in our study. The second column presents the pixel scale in arcsec for each observation. The third and fourth columns list the infrared camera and telescope used for each epoch observations. The final column gives the seeing in arcsec. Fig. 1 shows the HH 7-11 outflow in the H 2 S(1) v = 1-0 emission line. Offsets are measured from the probable exciting source SVS 13 (Strom, Vrba & Strom 1976) . Table 2 In Figs 2, 3 and 5 (below) we compare the 1998 and 2000 data sets in detail. There are some minor structural changes between epochs that could be caused by variability of the knots. Some knots have been reported to have a variable nature earlier . We note that individual HH knots in other outflows have been known to fade or brighten on time-scales of a few years, as first documented by Herbig (1957 Herbig ( , 1958 Herbig ( , 1968 Herbig ( , 1973 . The appearance of new knots has also been recorded. However, here we should remark that the 1998 data were not absolutely calibrated and any bolometric changes should be treated with caution. Nevertheless, the large-scale HH objects are too extended for sound signals to propagate across them within 2 yr (see Section 3). The total flux of HH 7 could not have changed by more than a few per cent. Hence, relative changes in fine-scale structure may be interpreted as absolute structural changes in individual knots and we can also infer the appearance of new structures.
R E S U LT S

Individual knots
The end of the HH 7-11 outflow is often associated with the welldeveloped bow shock HH 7 (Fig. 1 ), although there is an H 2 knot, (Strom et al. 1976 ).
ASR 57, a further 80 arcsec away, which could be related to it . It has a limb-brightened leading edge and an elliptical morphology at high flux levels with a central hole (cf. the lower panel in Fig. 2 ) suggesting that the bow orientation is between 30
• and 60
• from the line of sight (Smith 1991) . Fig. 2 presents the structural details of the HH 7 bow in the 1998 and 2000 data sets. Quite remarkable is the lack of any significant variability. We report here that HH 7B has at least two flux concentrations, detected in both the 1998 and 2000 data (see Fig. 2 ).
In Fig. 3 HH 8 appears as an elongated structure, consisting of two major condensations (A and B) and with faint knots (C, D, and E), which are newly identified.
We also identify a chain of knots situated between HH 8 and HH 10 and extends from SW to NE to the direction of HH 9. It is present on the images published by Garden et al. (1990) and Stapelfeldt et al. (1991) , giving us the confidence to count them as real. The knots are labelled as HH 8F † , G † and H † in Fig. 3 and indicated in Table 2 . Movsessian et al. (2000) report their presence in optical images.
Our comparative study of the two-epoch data (see Figs 3 and 1) with recently taken optical images reveals very faint H 2 S(1) v = 1-0 line emission associated with the location of HH 9. This has a very faint connection with the HH 8H † knot discussed above. One needs, however, a longer integration of this part of the sky for confirmation.
HH 10 is a rather compact object (see Fig. 3 ). Our resolution enables us to distinguish and label some of the brightest knots in this object as A, B, C, D, E and F. These knots exist at both epochs and individual flux measurements are presented in Table 2 . Fig. 3 shows HH 11 in the 1998 and 2000 epoch data. We have omitted the SVS 13 star from the figure as a result of its overwhelming brightness. Knots A and B have been reported previously (e.g. Chrysostomou et al. 2000) and are presented on this picture. We also label tentatively knot C, which was identified by Noriega-Crespo (private communication), based on HST observations.
Proper motions
To measure the proper motions where different pixel scales (second column in Table 1 ) are involved, we take care to apply appropriate techniques in order to determine rotational and translational corrections for alignment . The first step is to bin-up higher-resolution images to match the lower-resolution one. Then, we align them using more than two reference positions. After cross-correlating their positions between all possible six pairs, we measure and compare the centroid positions of reference points. In this way, images were 'recalibrated' and corrected for further analysis. Here, we should note that all images were sufficiently wide to contain more than one star. Hence, we were able to make a comparative study of several star positions in 1998 and 1994 epoch data, which reveals that the 1994 October data had different pixel scales in the X and Y directions -0.508 and 0.493 arcsec pixel −1 , respectively, for which we corrected.
Finally, for measuring proper motion (PM) and position angle (PA) values on aligned and trimmed images, each individual knot was taken in the same aligned box, and the pixel with maximum value determined. Then, the coordinates of that pixel for each pair (1998-2000, 1994-2000 and 1989-2000) were subtracted. This method generates a table of peak flux movements in an unbiased manner. Many of these, however, will not be genuine proper motions since unrelated local peaks may dominate, according to the observing conditions and small flux variations. We thus split up the results into: (a) the systematic motions, in which the PMs and PAs are consistent, and the peaks are well defined and (b) non-systematic motions in which both the PM and PA measurements are inconsistent from one time baseline to another.
For case (a) (systematic), we also apply two-dimensional Gaussian fitting for more precise measurements. This yields PM values that are less than the actual error caused by seeing and pixel noise (Table 3) . For case (b) (non-systematic), because of the extended morphologies, a Gaussian fit effectively alters the real maximum and yields a fake PM. Note also the wide variation in position angle of the PM, also suggesting that the location of weak peaks are dominated by observing conditions and small flux variations rather than intrinsic systematic motions. Table 3 summarizes our study of the relative proper motion of the HH 7-11 outflow by comparing data from the years 1989, 1994, 1998 and 2000 . The first column supplies the names of individual knots as in Table 2 . The second, fourth and sixth columns represent PM results for the 1998-2000, 1994-2000 and 1989-2000 Table 3 . The changes in position of local peak fluxes relative to the SVS 13 star for the HH 7-11 outflow using three time baselines. The upper part of the table represents systematic changes found on the major peaks, which can be interpreted as true proper motions. The lower part of the table represents non-systematic changes in PM and PA, found in faint knots, which are therefore affected by flux and noise variability.
PM (1998) (1999) (2000) PA ( The quoted values for the proper motions consist of the results from the Gaussian fits plus the error, which for HH 7A, 8A and 10A is simply the value related to the movement of one pixel over the time-span since no proper motion in terms of a pixel movement of the maximum flux is found. The Gaussian fits are, however, consistent even though we have fitted Gaussians to flux profiles with small relative variations. Although suggestive, we intend here to side with caution.
The 1994 October data contain larger errors owing to problems with the pixel scale, as pointed out above. Nevertheless, we can still use the values in the fourth column of Table 3 as upper limits for PM measurements, which is 0.079 arcsec yr −1 over 6.17 yr. Table 1 ) which is wide enough to contain the whole outflow in one frame, giving us confidence of its accuracy. The lower panel represents our data smoothed to the same resolution as the upper one. From a careful comparison of these two images, we computed the values given in the sixth column of Table 3 , which lead us to conclude that HH 7-11 has no significant proper motions over 11.6 yr, equivalent to <0.065 arcsec yr −1 .
Outburst and jet from SVS 13
The SVS 13 star (Strom et al. 1976 ) has a peculiar behaviour. Early radio observations indicated the presence of a radio companion to SVS 13, which was proposed to be a deeply embedded protostar. This suggests that the outflow source is associated with a binary system (Grossman et al. 1987) . This system underwent a strong optical outburst in the period 1989-1993 (Mauron & Thouvenot 1991; Eislöffel et al. 1991 ), a near-infrared outburst of approximately 1 mag between 1989 January and 1990 February (Liseau, Lorenzetti & Molinari 1992; , and a far-infrared increase of ∼1.5-2 mag in the period 1985-1992 (Harvey et al. 1998) , which has plausibly led to the H 2 structure detected out to 2 arcsec [440 (D/220 pc) au] from the outflow source (evident in the FP images of Davis et al. 2002a ). Here, we find a weak knot in the jet direction in both 1998 and 2000 epoch data on a larger (5-arcsec) scale, as shown in Fig. 5 . This knot is also apparent in the FP image of Davis et al. (2002a) . To be associated with an outburst of SVS 13 during or after 1989 would necessitate a tangential speed of 700 (D/220 pc) km s −1 , implying a detectable proper motion. Hence, a series of outbursts with a time-scale of 30-100 yr would be more plausible.
In addition, from a comparison of observations (cf. Fig. 4 ), we find that SVS 13 has become ≈3 times brighter relative to HH 7. This statement is based on measurements of count s −1 values of the SVS 13 star and HH 7 on data sets within the same 12-arcsec circular aperture: SVS 13 (2000) HH 7 (2000) ≈ 3.1 × SVS 13 (1989) HH 7 (1989) .
We propose here that HH 7 can be employed as a 'flux calibrator', assuming that the count s −1 measured in a 12-arcsec circular aperture on this extended object do not change dramatically. The fact that morphological changes in HH 7 are extremely small (Chrysostomou et al. 2000 and this work) suggests that this assumption is correct. Furthermore, for a sound wave to propagate 9 arcsec across HH 7 at, for example, 10 km s −1 , would take 1000 yr. Hence rapid systematic changes in the integrated HH 7 flux are not feasible.
The complete set of relative fluxes, taking into account that a 2 per cent filter was employed in 1994 and 1 per cent in the other year, yields count ratios of SVS 13 (1994) HH 7 (1994) ≈ 3.2 × SVS 13 (1989) HH 7 (1989) , SVS 13 (1998) HH 7 (1998) ≈ 3.0 × SVS 13 (1989) HH 7 (1989) .
This implies that SSV 13 increased by a factor of 3 in the K band some time during the period 1989-1994, and has since then remained in the active state with no evidence for decay.
The [Fe II] line
Fig. 6 displays the [Fe II] emission (grey-scale) along the entire HH 7-11 outflow overlaid with the H 2 S(1) v = 1-0 image (contours). The images were aligned by the SVS 13 source that is marked by a 'cross' in this figure. In the case of HH 7, the maximum was discovered behind the H 2 S(1) 1-0 emission (cf. Fig. 7 ). In the case of HH 11, a knot was discovered well ahead of the H 2 S(1) 1-0 emission HH 11B and is labelled as HH 11B in Table 2 , where flux values of the other identified knots can be found. These locations are consistent with the location of optical knots noted earlier. Fig. 7 shows the detailed structure of the HH 7 bow in the [Fe II] line. Here we should also note that the [Fe II] line image is very similar to the optical image taken by Movsessian et al. (2000) .
D I S C U S S I O N
Proper motion and variability
Early optical observations found significant proper motions in the HH 7-11 outflow (Herbig & Jones 1983) . Though the measurements of HH 7-10 were hard to determine owing to its faintness on early photographic plates, HH 11 was measured rather easily to have a motion of 0.035 arcsec yr −1 away from SVS 13, taken as the exciting source (Liseau 1983 ). Noriega-Crespo & Garnavich (2001) report 0.044 ± 0.007 arcsec yr −1 for HH 11 and approximately half this for HH 7, corresponding to tangential speeds of 23-46 (D/220 pc) km s −1 . This is in stark contrast to the reported H 2 proper motions in the range 0.18-0.41 arcsec yr −1 , with HH 11 moving at the lowest speed. This issue is resolved here: the H 2 knots are moving with a tangential speed of under 0.05 arcsec yr −1 . The previously reported speed was caused by distortions to one of the reference stars. We also fix independent PM upper limits of 0.079 arcsec yr −1 and 0.065 yr −1 using longer time baseline studies at lower resolution. Spatial Gaussian fits to the maxima in HH 7, 8 and 10 suggest that the PM values may actually be approximately half of these values, in the range 0.03-0.04 arcsec yr −1 . Regarding the radial motions, Solf & Böhm (1987) presented the entire outflow velocity map taken in Hα, demonstrating velocities of −40 to −70 km s −1 in the HH 7-10 system, with HH 11 having radial speeds in the range −160 to −200 km s −1 . In this case, the radial speed of the H 2 emission from HH 7 is consistent with the optical range, with a weak patch of emission ∼3 arcsec behind the leading edge moving at a speed of −70 km s −1 (Carr 1993; Davis et al. 2000) . Measured radial speeds in HH 11, however, cover a wide range +50 to −240 km s −1 (Zinnecker et al. 1989; Carr 1993; Davis et al. 2000) .
Comparison of the two high-resolution UFTI H 2 images yields no strong changes in the fluxes over 2 yr (Figs 2 and 3) . Although hydrodynamic shocks in molecular gas can be relatively thin and so can vary monthly through thermal cooling instabilities (Smith & Rosen 2002) , the shocks are almost certainly wide, with the shock surface covering the pixels. Moreover, in the interpretation as emission from continuous magnetohydrodynamic shocks, the shock thickness may exceed a pixel in length (Smith, Khanzadyan & Davis 2002) . Hence, flux variations may prove difficult to measure until proper motions are also detectable.
The [Fe II] emission
A comparative study of molecular [H 2 S(1) v = 1-0] and ionized ([Fe II]) species can help us to understand the structure of outflows. For bow shocks, higher excitation, traced by [Fe II], is usually located nearer the apex where the maximum in the component of velocity normal to the shock front occurs (e.g. Davis et al. 1999) . The molecular hydrogen is dissociated at the apex. In contrast, the normal component of velocity along the wings of the bow is small, preserving molecular species. This picture is consistent with the H 2 emission from HH 7. The oblique structure in the wings is traced by H 2 emission. The central depression in the H 2 emission corresponds to the location of the apex, projected on to the bow, with an axis to the line of sight of 30
• -45
• . This is also consistent with the angle derived by comparing the proper motion and radial velocity of atomic emission lines (Noriega-Crespo & Garnavich 2001) .
In addition, we find evidence for a Mach disc (Fig. 7) , with [Fe II] emission coinciding with both a high-speed (−80 km s −1 radial speed) H 2 knot in HH 7 (Carr 1993; Davis et al. 2000) , and 100 km s −1 optical emission reported by Stapelfeldt et al. (1991) . The high resolution here demonstrates a flattened structure consistent with a circular disc in projection, but with the long axis in the north-south direction rather than transverse to the 136
• outflow angle. We note that the [Fe II] peak is 3 arcsec behind the leading edge of HH 7, and ∼1.5 arcsec behind the location of the proposed apex.
Furthermore, very diffuse [Fe II] is found from the whole bow, including the wings. The HST optical image (Noriega-Crespo et al. in preparation) confirms that emission from atomic gas is spread throughout the bow as defined by the H 2 emission.
Mean flow parameters
The total flux of HH 7 is measured to be 2.2 × 10 −16 W m −2 in the 1-0 S(1) line (Table 2 ). This corresponds to 1.3 × 10 30 (D/220 pc) 2 erg s −1 . Supposing that the 1-0 S(1) line generates 10 per cent of the total H 2 rovibrational emission, as appropriate for bow shocks (Smith 1991) , and that this corresponds to 10 per cent of the total molecular cooling (consistent with ISO data; Molinari et al. 2000) , implies a total luminosity of L (HH7) = 0.04 (D/220 pc) 2 L . Extinction has not been considered in this calculation.
The mean density in the proposed jet is then derivable. We take the . A jet speed of v j = 100 km s −1 then yields a mass flow rate of 3.1 × 10 −7 (D/220 pc) 2 M yr −1 . An extended submillimetre source MMS 4 has been detected, centred near the position of HH 8 (Chini et al. 2001 ). This may well be emission from warm dust, swept up and compressed by the outflow. Chini et al. derive a submillimetre luminosity of 0.12 (D/220 pc) 2 L . This exceeds the bow shock total luminosity derived above by a small factor, and may well even be less than the jet power, given up to two orders of magnitude K-band extinction. Hence, it is feasible for the dust to be heated by the turbulence in the wake of the passing HH 7 bow shock. The derived mean gas density of the compressed material is, however, larger than the mean jet density. Assuming a spherical filled volume, the cloud has a density 1.2 × 10 −18 (220 pc/D) g cm −3 , derived from Chini et al. (2001) . It is not clear that the low-density jet could penetrate this cloud, or that the pre-compressed cloud could be 20 times lower in density, yet still fill the volume after compression.
The cloud H 2 column of 4.4 × 10 22 is, nevertheless, consistent with the two orders of magnitude of extinction suggested above for the bow-driven turbulence interpretation. The extinction would raise the derived bow power, and hence the mean jet density by a factor of 6. One may then indeed interpret MMS 4 as material swept up and heated by the outflow.
Alternatively, ultraviolet (UV) radiation from the HH objects heats surrounding dust and may thus also produce submillimetre emission. The proper motions, however, which imply shock speeds well under 80 km s −1 near SMM 4 (for both the bow shock and the reverse Mach shock in the jet), imply an extremely low UV flux level. Nevertheless, given the high visual extinction, a large fraction of the optical emission from HH 7 may be processed in the immediate surroundings, heating the grains. Hence, turbulent heating may not be necessary.
I M P L I C AT I O N S A N D C O N C L U S I O N S
We have presented near-infrared observations of the protostellar outflow HH 7-11 in the molecular hydrogen 1-0 S(1) and [Fe II] emission lines. Our full data set spans a time-scale of 12 yr. Images were taken with a variety of telescopes and instruments (cf. Table 2 ). Proper motions inferred from any given pair (cf. Table 3) indicate consistent values below 0.045 arcsec yr −1 for HH 7, HH 8 and HH 10, corresponding to tangential speeds of under 47 (D/220 pc) km s −1 . This is consistent with the proper motions derived in the optical range for the atomic component. Gaussian fits suggest proper motions of 0.03-0.04 arcsec yr −1 . For HH 11, the H 2 motions are variable, suggesting that these are turbulent motions in the wake of the optical knot. Reanalysis of previous observations shows that variability and distortion of the SVS 13 reference star led to erroneously high proper motions.
Combining proper motion and radial motion data may constrain the inclination angle of the outflow. This depends, however, on the assumptions since radial speeds may correspond to the fluid speeds in the jet, whereas proper motions may be related to the progress of the points of impact. For a bow shock, we can better distinguish between fluid and bow speeds. For HH 7, the bow radial speed is −51 ± 20 km s −1 (Solf & Böhm 1987) whereas the proper motion is <47 (D/220 pc) km s −1 . Hence, the inclination to the line of sight is limited to <45
• ± 12
• for D = 220 pc. This is not more end-on than previously thought (e.g. Solf & Böhm 1987) .
With the year 2000 observations, we confirm many weak subknots and structure in the H 2 emission. The two images are remarkably similar, with only some tentative indications for low-level flux changes. This lack of significant relative variability in the subknots is consistent with the low speeds.
Compact [Fe II] emission knots are associated with the peaks of optical emission from atomic transitions. We also find an elongated feature corresponding to the proposed Mach disc. Its north-south orientation suggests that the proposed underlying jet has been deflected during its course from SVS 13, although we cannot rule out an oblique Mach disc configuration. The leading edge of the bow shock also appears most compressed in the east-west direction.
We confirm the existence of an H 2 knot near SVS 13 along the direction of an H 2 jet detected by Davis et al. (2002a) . This suggests that SVS 13 has undergone repeated outbursts, expelling material and energy on a time-scale of 30-100 yr.
We identify a ridge of knots between HH 8 and HH 10, transverse to the outflow (in projection) in the H 2 images from both 1998 and 2000. This ridge stretches towards HH 9. It corresponds to the location of a dense ridge of cold molecular gas, possibly representing the outer edge of a cavity around SVS 13 (Rudolph et al. 2001) . A submillimetre source MMS 4 lies beyond the ridge (Chini et al. 2001) , suggesting that material has been compressed and the dust warmed by the outflow. Alternatively, MMS 4 could be interpreted as harbouring an extremely young protostar that is producing a new, orthogonal jet unrelated to HH 7-11.
Finally, we remark that SVS 13 increased by a factor of approximately 3 relative to HH 7 in the K band, between 1989 and 1994, and has since then remained at the higher level. The increase is consistent with the K-band flux increase of ∼3 previously reported to have occurred between observations in 1986 Eislöffel et al. (1991 , followed by modulations of half a magnitude until 1993 December . The continued active state until at least 2000 suggests that the outburst is of the FU Orionis type.
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